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This report includes tension fatigue test results on 
the follov/ing types of samples cf 0.040— inch alclad 24S-T 
(l) monoblock sheet sa:iiples as received and after a post- 
aging heat treatsient , (3> "sheet efficiency" samples (two 
eq[uall.7 stressed sheets joined "b^^ a sin^^lc tra.nsverse r ov/ 
of spot v/elds) "both as received and after post— aging, (3) 
spot— x/eldcd lap— Joint Sv^-^ples as received and after post — 
agin^, and (4) roll— i/eldod lap-joint sanrples. 

Tests on the sheet material furnish l:ase curves for 
the jointed samples and shov/ the effect of pos t— aginjT^' on 
the sheet. Post-aging hy heating 10 hours at 370^ E 
raised the yield strength about 25 percent hiit raised the 
static ultimate only about 2.5 percent and did not, in 
general, ucasurably increase the fatigue strength values. 

Shoot efficiency tests shov;cd the two sheets joined 
by spot v;olds to have about 84 percent of the static cilti- 
matc strength of the sheet material. Sa.Mples post-aged 
after v;olding had 90 percent of the static strength of 
the (post— aged) sheet. On the ether hand, samr)les tested 
in fatigue showed, for a range in lifetimes from 10^ 
cycles to 10*^ cycles, about 30 percent of the strength of 
the slieot material. Tlie fatigue strengths were not 
greatly affected by post— aging a.ftor spot— we Iding . 

iloither post— aging after spot— welding nor post— aging 
"before spot— welding , in general, increased the fatigue 
strength or the static shear strength of the spot-v;elded 
lap-joint samples. In fact, there appeared a slight 



JTACA ARB. Fo . 433 0 



2 



decrease in fatigue strength at a low (0.25) ratio of nin- 
imuiVi lor.d to maximum loa.d o^/ing to post—aging a.fter spot- 
welding. 

?u oll-v;Glded lap— joint samples appeared slightly 
wcaher in fatigue (and, except for the 3/8— in. wold- 
spacing, in static tests) than similar spot— v/elded sanploG. 
The dii'forencc "between the fatigue strengths of roll- 
welded o-nd of spot— welded samples varied from 0 percent to 
18 percent, "but the maximum difference was not greater 
than the variation in fatigue strength among commercially 
spot-voided samples . 

[Dhe variation in fatigue strength that might ho c::- 
pectod in commercial practice is discussed "briefly. 

'Testing procedures usnd to ohtain the data given in 
this roj:)crt are descrihcd in reference 1. 

This investigation, conducted at the Battelle Memorial 
Instit\ite, was sponsored "by, and conducted with financial 
a^sisto.nce from, the National Advisory Committee for 
A or onaut ics . 

. Achnov/ledgment is d-ae Mr. 3. S. Jenkins of the 
Cur t i 3 s-Wr ight Corporation, Dr. Maurice llelles of the 
Lockheed Aircraft Corporation, and Hr . T, 3. Piper of 
llorthrop Aircraft, Incorporated for advice and assistance 
in o'otr.ining materials and jointed samples for this 
inve s t iga t ion. 

I. PATIGUS Tj^^STS 0? SHZET iiATZHIAL 
Material and Test Pieces 



Terjts have "been m3.de upon alclad 24S— T sheet to fur- 
nish "br.se curves for the spot— welded samples and also to 
find the effect of post-aging upon the fatigue properties 
of the G-\eet. To date, fatigue tests have "been made "apon 
sheet in the 0o040— inch gage as received and after post- 
aging heat treatment of 10 hours a.t 370±5^ J. A few sam- 
ples v;ere stretched 4.3 percent and then heat-treated in 
the so.iiC manner. 

Preliminary tests with conventionally shaped specimens 
containing a section of uniform width gave c ons iderah le 
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trouble i/ith failures in the fillet section and with scat- 
ter of experimental fatigue data. Figure 1 shows the 
types of specimen finally adopted to overcojTie these diffi- 
culties. The speciiuen was inexpensively cut with a 12— 
inch fly— cutter and a vertical feed on a milling machine • 
Results in fatigue tests have "been very consistent and 
r epr oducil^le . 

Calculations indicate that, for the region (±l/4 in* 
from the center line) where all breaks ha.ve occurred, 
stress concentration factors are less than 1.05, Over 
this ref;ion, the cr os s— se c t i on area varies less than 0^2 
percent. It, therefore, seems legitimate to compute the 
stress as load divided hy cr ess— s ect i on area at the center 
(to v/ithin the estimated 3-percent precision in measuring, 
and maintaining loads). Comparison of results of tests 
("both static tensile and fatigue) on the present specimens 
with resiilts for conventional specimens shows good agree- 
ment, -he chief difference in results is the reduced 
scatter in fatigue tests. 

Table 1 gives the results of static tensile tests on 
samples of each group and figure 2 shows s tr e s s— s tr a i n 
curves from these tests. It may be noted in table 1 that 
aging samples at 370^ F for 10 hours increased the yield 
strength* 25 percent but increased the static ultimate 
only 3 percent. Similarly, aging samples of sheet that 
had been stretched 4.3 percent ra.ised the yield and the 
static iiltimate the same amount as heat treatment withoiit 
previous cold vrQr'k:iri(^ . 

The micr OG tructur es of the sheet as received and as 
post— aged are shown in figure 3. 

Fatigue Test Hesults 

Table 2 gives the results of fatigue tests on the 
sheet i.i the as— received condition, and figure 4 shows 
load— life curves plotted from these data. The small 



*A11 stress— strain data were taken with a 2— inch 
ext ens ometer . For the samples with continuously varying 
section, a slight correction was made to give the aver- 
age strain. Results agreed well with results on uniform 
width samples, as illustrated in fig. 2. 
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scatter of the experimental points alDout the mean curves 
is typical of results on mono"block samples (of the shape 
descrioed) and is within the estimated experimental error 
of Its percent in load value. Tahle 3 gives fatigue test 
results for the sheet after post— aging. 

Fir';ure 5 shows load—life curves for sheet as received 
and for pest— a^ijed sheet. The small open circles are re- 
sults for the few samples from sheet stretched 4.3 perce:\t 
before the post— aging h=eat treatment. (See talile 4») 
Appr.rently the post-aging: 

(1) Increased static yield 25 percent "but static 

ultimate only 3 percent 

(2) Slightly increa.sed the fatigue strength (ahout 5 

percent) at R = 0.75 (for which the static 
component of load is high) 

(o) Did not, in general, increase the fatigue strength 
in tests at low load r^^tios (Tor E = C,25 
and at 2 x 10^ cycles, the fatigue strength 
of the post— aged sheet appears actually 12 per- 
cent lov/er than that of sheet as received.) 

It must he concluded that the post— aging treatments 
used on this 0.040— inch alclad 24S— T were not henef icial 
in fatigu.e. 



II. SHEET EJi'ICISlICy PATI&US TESTS 
Test Pieces and Static Tests 



Patig-ae test results already have been reported in 
reference 2 f or samples comprising unstressed (scah) sheets 
spot-uoldcd to 0.040-inch 24S-T alclad sheets. These tests 
haive Doon extended hy using tv;o equally stressed sheets of 
0.040-i:ich alclad joined oy a center row of spots spaced 
3/4 inc}i apart . 

A typical specimen is shcvm in figure S. This shape 
of specimen is the same as that used for tests on monooloclc 
samples. Tests v/ere made on two sets of samples: (l) sheet 
spot— \7c Icled as received and given no post— aging, and (2) 
sheet s-oct-v/elded as received but samples heated for 10 
hours at 370^ 7. 
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Str.tic tensile results arc 3ho\;rn in table 5. The 
str oj^s—strain curves* for the sheet efficiency specimens, 
stressed and unstressed, aged and unaged, 12— inch R or 
parailc 1— s ided sample,, are the same as for sheet speci- 
mens • (See f ig. 2 . ) 

Spot v;elds from the stressed attachment sample are 
shov/n in figure 7. 

Results of Pati.^ue Tests 

j?igure 8 shows load— life curves at a load ratio 
R = 0,25 for: (l) monoblock samples, (2) sheet samples 
with unstressed attachments, and (3) sheet samples v/ith 
equallv stressed attachments. In each case, sheet and 
attachment v/ere of 0.040-inch 24S-T alclad and were Joined 
"by three spot v/elds 3/4 inch apart in a line across the 
center^ She curve for the unstressed attachment samples 
was plotted from data previously reported (reference 1, 
tahle 23) supplemented by data on a few samples cut to 
the shape shown in figure 6. However, the unstressed at- 
tachment samples were from different sheet material than 
the stressed attachment samples. Data for figure 8 are 
given in tables 2, 7, and 8. 

It is apparent that the spot welds have caused some 
stren{;;th reduction. The reduction appears much the same 
whether the attachment is unstressed or stressed as miich 
as the sheet. It amounts to about 20 percent so that the 
sheet efficiency of the spot welded samples is about 8C 
percent for R = 0.25. At higher load ratios, the sheet 
efficiency is soraewhat higher: namely, 85 percent at 
R = 0.50 and 90 percent at R = 0.75. The static sheet 
efficiency is about S5 percent. 

I'cblos 5 and 7 give data for two sets of sam.ples of 
sheets v/ith stressed attachments: (l) as received, and 
(2) post— aged. 

Figure 9 shows load-life curves for the tv/o sots of 
samples of sheets v/ith stressed attachments: (l) as • 
received, and (2) post-aged. Although the post-aging 

'^Stress— stra.in curves were again taken v/ith a 2— inch 
extonsometer . The significance of "yield points" in sheet 
efficiency specimens is a question that may well deserve 
more attention in the future. 
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heat trec.tLient increased the static failure stren;'5th aoout 
11 porcGiit, tno sheet efficiency samples show no sir^nifi- 
cant fD.tic;v.e strength change. (Difficulties in loading 
the t\;o nheets equally cause a possihle error of 6 percent 
in each ordinate of each curve, so that differences in the 
curves oi less than ah out 12 percent of any load value ci.n 
not ce considered significant.) 

Pc^ilure took place in stressed attachments along the 
periphor-- of the v/old slug starting at the notch at the 
end of the spot (fig. 7(d)). This v/as the same type of 
fati,':uc orcak as that previously noted for welds in un- 
stressed attachments (reference 1, fig. 54). 

Ill, T'HZ EXPECT OP PCST-AGrJa ON SPCT-WELDSD LAP JOIITTS 
Test Pieces and Static Tests 



The effect of post— aging upon the fatigue strength 
of spot— welded lap—joint samples has heen tested for 
C.040~inch 24S-T alclad. Each sample was made hy Joining 
two pieces 9 inches long and 5 inches wide hy a single 
row of spot x^elds (spaced 3/4 in. "between centers) in a 
1— inch overlap section, 

Tahle S indicates the several sets of samples used. 
Sets 1 and 2 were used to study the effect of post— aging 
after v/eiding. E"ot enough of the same sheet material was 
available to study the effect of post-aging before v:elding 
Accordingly,'', set 3 was from a different lot of sheet, and 
a fev7 say.iples of this different sheet were prepared as 
sets 4 and 5 to furnish data for int er c ompar i s on purposes, 

Tahle 3 also gives the static breaking loads of the 
various samples. In general, the variation in sta-tic 
hreaking load for samples as received was greater tha.n 
variations noted due to aging. 

Figures 10 to 13 show macrographs of typical v/elds. 
Micr 0— har dnes 3 tests shov/ed little change in hardness in 
the various zones (see reference 2, fig. 16) "because of 
any aging treatment. 
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fatigue Test Eesults 

Taoles 10, 11, 12, and 13 shov/ the results of fatigtie 
tests on the various sets of spot~v:elded lap joints, and 
the lop.d-life curves of figures 14, 15, and 16 summarize 
the main features of these results. 

figure 14 shows load-life curves for samples of the 
same sheet material "both as received and after post— aging 
heat treatment. With one somewhat questionaole exception 
(11 - 0,,75 for lifetimes greater than ICf cycles), the 
curves for the samples post-aged after spot-welding fall 
iDelov/ the curves for the samples as received. In this 
instance, post-aging after welding appears to have lov/ered 
the fatigue strengths an average of abov.t 8 percent. 

Jigu.re 15 shov;s load-life curves for lap-joint sayp.ples 
from sheet post— aged "before spot-welding and for samples 
spot-welded without post-aging. The evidence in this case 
suggests strengthening at high loads and weakening at 
lov;er loads . 

Piually, figure 16 shov/s results of tests on lap- 
joint samples: (l) as received, (2) post-aged after spot- 
welding, and (3) post-aged before spot-welding for a load 
ratio E - 0.25. Hesults for higher ratios are somewhat 
less definite because of an insufficient number of samples 
of the same sheet material; however, the curves for higher 
ratios do not seem to offer different results. It appears 
that post-aging before spot-welding is preferable to post- 
aging after spot-welding. Post-aging before welding may- 
afford slight strengthening in fatigue for high loads • 

Failure takes place in heat— treated spot welds and 
spot v/clds in aged shoet in the same manner as has been 
found for ordinary spot welds with cracks starting at the 
notch formed by the termination of the internal alclad at 
the wold slug and propagating outv;ard toward the external 
alclad. (See figs. 10(b) to 13(b).) 

17, ?A-TiaUE TESTS OF LAP JOIHTS ¥ITK ROLL V7SLDS 

Test Pieces, Weld Properties, and Static Strengths 

A fev; tests have been made to compare the fatigue 
strengths of lap joints made with roll welds to the"^ 
strengths of similar joints made with spot welds. Three 
sets of roll-welded samples were tested. 3ach sample 
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consisted of tv.ro pieces (5 "bj 9 in.) of 0.040-inch 243-0: 
alclacl joined "by a single row of welds along the center 
of a 1— inch overlap section. The spa.cings heti^reen weld 
centers v;ere 3/8, 3/4, and li inches for the different 
gr oiips . 

The roll welds showed the same structural character- 
istics as conventional spot welds. In general, roller 
spots had c ons i der ah I7 more indentation and showed a 
greater difference "betxveen longitudinal and transverse 
dimensions than conventional spot welds. In all cases, 
the greatest v/eld diameter was in the direction of roll- 
ing (;;:)er iphera 1 rotation of welding wheel, table 14). 
The ?1C-C set (ij- in. weld spacing) shov/ed the greatest 
deviation in this respect. (See fig. 17(a),) ifecrographs 
of i^relds from samples with 3/4- and 3/8-inch weld spacings 
are shov/n in figures 18(a) and 19(a). 

Tcxole 14 gives static shear strength values of the 
roll welds. The strength per spot decreased with decreas- 
ing spot spacing as for conventional welds. For spot 
welds (see reference 2, fig. ?), the static strength per 
inch of joint seemed to have a maximum for a spacing "be- 
tween 3/8 and 3/4 inch. On the contrary, the roll-weldod 
joints v/ithstood increasing loads with decreasing weld 
spacing to and including the 3/ 3— inch spacing. 

'.folds which failed in fatigue are shov/n in figures 
17(1)), 18(1)), and 19(h). Fatigue cracks occurred in the 
same position and manner as for conventional spot wolds. 
Cracks started at the notch formed hy the internal alclad 
layer o,t the end of the weld hutton and propagated through 
the sheet tov/ard the outer alclad surface. The cracks 
shov/ed sOi.iG tendencies to follov/ v/eld "boundaries. Failure 
always took place along the least dimension of the weld/ 
(transverse to the direction of rolling and in the direc- 
tion of the applied stress). Exceptionally long and thin 
spots (e.g., fig. 17(h))failod outside the wold slug; this 
was also a typical failure for conventional spot v/elds of 
s imilar di mens ions. 



Fatigue Test Hesults 

Tahles 15, IS, and 17 show load-life data for roll- 
welded lap joints. 
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Pi{^uro 20 shows load— life curves for lap joints v/ith 
roll v/elds spaced 3/8 inch apart. Por comparison, curves 
(taken from reference 2, figc 6) for spot— welded lap 
joints are shown on the same figure, Figures 21 and 22 
show similar sets of load—life curves for samples v/ith 
weld Gp-acings of 3/4 inch and of 1^ inches, respectively. 

Before drawing conclusions, it is well to note two 
points. i?irst , the spot— welded samples and the roll- 
welded samples were from different lots of sheet material. 
Secondlv, exper ime nta. 1 points have been omitted from the 
curves. In general, the scatter was small (i.e., within 
the 3-percent precision of loading). There was, hov/ever , 
somev;hat greater scatter for samples with roll welds 1:^ 
inches apart, possibly produced "by variations in the v;eid 
dimensions. There v/as a further discrepancy in the roll- 
welded samples \v''ith 3/8— inch spaced welds; the number of 
welds varied from 11 to 14. The variation in number was 
due to different edf^ce distances rather than varied spa.c— 
ings and did not so miich affect the total strength of the 
joint as it did the strength per weld. 

It will be observed that, in general, conventional 
spot v/elds appear stronger in fa-tigue than roll welds. 
This cojiclusion is Questionable for the s/S— inch v/eld 
spacing. Por this spacing, roll welds v/ere considerably 
stronger in static tests and were weaker in fatigue only 
for the 0.25-load ratio. It must be noted (see part V) 
that samples of different lots of sheet and spot— welded 
by different operators show considerable scatter. It 
seems possible, therefore, to conclude that roll welds 
are not necessarily weaker than spot welds but show suf- 
ficient promise to deserve further consideration. 



V. VARIATIC^TS 111 PATIOUS STRENGTHS III COMMSHCIAL WELDIITG- 



In a previous report (reference 2, pt. II), some 
comparisons of fatigue strengths of samples spot— welded 
by various operators were shown. Additional tests nov; 
give a total of six sets of samples which have been 
tested at a load ratio of R = 0.25. Pigure 23 shows all 
the experimental points on a load— life diagram. Differ- 
ences in v/eld dimensions, static shear strength of spo'os, 
and properties of sheet material are shov/n in table 15. 
(Tables 19 and 20 in appendix I and fig* 24 show the 
experimental data and macrographs of spot welds for one 
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set of samples. All other points on fig. 23 are from 
previously reported data.) The 61 points in figure 23 
fall v/ithin a reasonably well determined scatter "band. 
The scatter in static ultimate values is 35 percent; 
while fatigue strength scatter varies from 21 percent at 
short lifetime to 45 percent at long lifetime • These re- 
sults indicate the variation to "be expected in commercial 
practice, owing to different operators using different 
machines, techniq^ues , and lots of sheet material. 

There are not enough data to estimate the relative 
importance of the two ca\ises. Tests on any one set of 
samples show much less variation from a smooth curve than 
tests on samples from different sets show. The scatter 
is not reduced ty plotting the ratios of fatigue strengths 
to sta.tic ultimate strengths* This emphasizes a previously 
stated conclusion (reference 2, p. IC) that, owing to dif- 
ferences in the nature of failure, high static strength of 
spot—welded lap joints does not imply correspondingly high 
values • 

At the present time, the relation of weld structure 
and dimensions to fatigue strength is not sufficiently 
understood to interpret such scatter. As has "been noted, 
the scatter in static results is about 35 percent, a val\ie 
which soeras large in view of the Rensselaer finding (ref- 
erence 3) that the scatter for single spots is a^hout 30 
percent. Since the test pieces used here all involved a,t 
least 3 spots, it would oe expected that the scatter would 
be less than for single spots, A part of the additiona-1 
scatter is probably caused by different welding techniques 
and part by differences in material. 
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TABLE 1.- STATIC lENSILE STRENGTH OF MONOBLOCK FATIGUE 
SPECIMENS OF 0.40 -INCH 24S-T ALC.LAD 



Yield Strength"* Ultiaate Strength Elongation 

Type (pal) (pal) in 2 In.) 

12" R sides - Unaged 

AlC - 29 50,300 67,300 19 

AlC - 30 50,900 66,700 19 

12" R sides - Aged 

A2C 62,400 69,400 4 

A2C 62,400 68,700 4 

Straight sides - Unaged 

AlC - 90 50,660 66,700 19 

AlC - 91 49,700 66,000 19 



Taicen with two-in. gage length extensometer. See footnote on page 3, 



TABLE 2.- FATIGUE TEST RESULTS FOR ALUMINUM MOHO BLOCK SAMPLES 
AS RECEJVET '(1.000" x0.040") 



Sample Number Maximum Load Cycles to Failure 

(p s ^ ) 



Ratio .25 










AlC 88 


66 


000 




26,600 


AlC 59 


64, 


000 




29,600 


AlC 18 


60 


000 




25.300 


AlC 72 


52,000 




67,500 


AlC 16 


45 


000 




162,900 


AlC 19 


40,000 




192,900 


AlC 17 


33 


000 




701,100 


AlC 82 


30,000 


2 


405,400 


AlC 21 


23, 


000 


>10 


417,200 


AlC 28 


37 


000 




308,900 


AlC 32 


28 


000 


1 


564,400 


AlC 35 


26 


000 


>10 


131,000 


Ratio .50 










AlC 27 


58 


000 




111,800 


AlC 26 


52 


000 




181,900 


AlC 25 


45 


000 




481,300 


AlC 83 


41,000 




749,600 


AlC 23 


32 


000 


>9 


173,100 


AlC 23 reload 


50 


000 




191,900 


AlC 6 


35 


800 


1 


,347,800 


Ratio .60 










AlC 34 


60 


,000 




135,800 


AlC 50 


54 


,000 




298.700 


AlC 36 


50 


,000 




621,200 


AlC 37 


44 


,000 


2 


,941.600 


AlC 55 


50 


,000 




551,700 


Ratio ,75 










AlC 85 


67 


,000 




4,200 


AlC 75 


64 


,000 




848,600 


AlC 81 


62 


,000 




886,000 


AlC 31 


60 


,000 


>9, 637, 000 
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mBLE 3.- FATIGUE TEST RESULTS K)R ALUMINUM MONO BLOCK SAMPLES 
POST-AOED (1.000'' x 0.040'') 



Maximum Load 

Sample Number (p s 1 ) Cycles to Failure 



Ratio .25 






A2C 9 


65,000 


16,700 


A2C 7 


62,000 


24,600 


A2C 6 


60,000 


22,800 


A2C 2 


50,000 


77,300 


A2C 3 


40,000 


121,800 


A2C 4 


32,000 


304,100 


A2C 8 


29,000 


656,500 


A on O'K 


28.000 

few , \J\J\J 


6,860,200 


A2C 29 


28,000 


638,200 


A2C 5 


25,000 


>10,011,200 


Ratio .50 






A2C 15 


65,000 


78,100 


A CP OA. 


.ooo 

\JsJ $ \J\J\J 


22,100 


A2C 14 


60,000 


79,300 


A2C 12 


50,000 


119,700 


A2C 17 


47,000 


335,400 


A2C 13 


44,000 


310,300 


A2C 11 


40,000 


2,927,600 


A2C 18 


36,000 


6,343,200 


Ratio ,60 






A2C 22 


64,000 


194,600 


A2C 16 


56.000 


545,800 


A2C 20 


50,000 


748,100 


A2C 25 


45,000 


3,765,200 


Ratio ,75 






A2C 21 


60,000 


> 5,779,500 



TABLE 4.- 


FATIGUE TEST RESULTS FOR ALUMINUM MONOBLOCK 




SAMPLES 


PRE-STRETCHED 


BEFORE POST-AGING 






(LOOO** xO.040'') 






Maximum Load 






Sample Number 


(p s i ) 


Cycles to Failure Remarks 




Ratio .25 








A4C 9 


65,000 


13,600 




A4G 5 


50,000 


57,500 




A4C 7 


38,000 


143,500 




A4C 14 


34,000 


232,300 




A4C 8 


30,000 


437,000 




A4C 10 


28,000 


3,039,400 




A4C 13 


26,000 


544,500 Possible flaw 


in 






machined edge j 


point 






not plotted on 


curve . 
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TABLE 5,- STATIC TENSILE STRENGTIB OF'^SHEET EFFICIENCY" SPECIMENS 





Yield Strengtl^ Ultimate Strength Elongation 


Type 


(p s 1 ) 


(p S 1 ) in 2 In. 


Stressed attachment 






(unaged) 


52,200 


55.550 4 


Stressed attachment 






(aged) 


59,100 


62,400 2.5 


Unstressed attachment 






( unaged ) 


52,000 


58,350 5 


■^Talcen witli two-in. gage length, extensometer. 


See footnote on page 5. 


TABLE 6.- FATIGUE TEST RESULTS FOR SAMPLES OF 


2 SHEETS ii.244" x 0.040" 


SPOWflnSLDED ACROSS CENTER WITH 3/4 


" WELD SPACING. 




(p s i ) 




Sample Number 


Maximum Load 


Cycles to Failure 


Ratio 0. 2 S 






CIC 9D 


52,000 


7,100 


QIC 27D 


40,000 


115,100 


CIC 8D 


33,000 


87 ,300 


GIG lOD 


24,000 


981 , 600 


GIG 25D 


23,000 


1,285,000 


Rat io 0. 50 






CIC 15D 


52,000 


1,100 


CIC 19D 


52,000 


3,000 


GIG 17D 


48,000 


197,800 


CIC 18D 


34,000 


730,100 


CIC 23D 


32,000 


8,976,600 


reload 


50,000 


30,300 


RatioO.60 






CIC 21D 


50,000 


375,200 


GIG 24D 


45,000 


762,300 



NACA ARR No. 4E30 
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TABLE 7.- FATIGUE TEST RESULTS FOR SAMPLES WITH 2 SHEETS 2.244** 
0.040" SPOTWELDED ACROSS CENTER WITH 3/4" WELD 
SPACING 
(Post-aged After Welding) 



Sample 
Number 



Maximum Load 
(P s i) 



Cycles to Failure 



R 0.25 



C2C23D 

C2C21D 

C2C9D 

C2C4D 

C^C31D 

C2C7D 

C2C10D 

C2C5D 

C2C1D 

C2C8D 

C2C3D 

C2C32D 

C2C6D 

C2C2D 

C2C2D 

Reload 



54,000 
50,000 
46,000 
40,000 
39,000 
37,000 
36,000 
34,000 
30,000 
26,000 
24,000 
23,000 
22,000 
22,000 
20,000 
40,000 



22,300 
51,000 
50,800 
3,400 
90,000 
190,800 
179.500 
173,800 
232,400 
500,500 
255,600 
641,000 
1 , 504 , 300 

>10, 724,800 
114,300 



R 0.50 



C2C16D 
C2C21D 
C2C13D 
C2C11D 
C2C12D 
C2C15D 
Reload 
C2C14D 
Reload 



51,000 
50,000 
46,000 
40,000 
32,000 
28,000 
40,000 
26,000 
40,000 



45,000 
51,000 
242,200 
290,000 
866,900 
> 9,406,800 
337,100 
>10,239.200 
504,500 



R 0.60 



C2025D 
C2C22D 
C2C20D 
C2C24D 
C2C19D 



57,000 
52,000 
47,000 
44,000 
39,000 



160,000 
258,000 
699,300 
761,200 
8,743,400 



TABLE 8.- FATIOUB TEST FOR UNSTRESSED ATTACHMENT SAMPLES 
2.244" X 0.040" 



Sample 
Number 



Maximum Load 



Cycles to Failure Remarks 



RatioO.26 



6A8 


50,000 


8,800 


Fail< 


3d through welds. 


6A9 


45,000 


8,000 






6A10 


44,000 


45,300 


ft 


It n 


6B6 


40,000 


85,800 


n 


n It 


635 


34,000 


246,700 


n 


II n 


6B14 


28,000 


501 , 700 


»i 


ff n 


6A7 


22,000 


787,900 


ft 


It 11 


6B1B 


22,000 


1,951,100 


II 


II It 


6A16 


19,000 


4,095,500 




It It 
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TABLE 9.- STATIC SHEAR STRENGTHS OF SPOWELDED LAP-JOINT SAMPLES 



S«t Nvunber Sample Knmber Sheet Condition Breaking Load 

Materiel Total Lb Lb /Spot 

633 
591 

643 

603 

493* 

520 
675 

447 

553 



1 


BIC-IOD 


1 


As-received . 


3,800 


B1C-9D 


1 


II n 


3,550 


2 


B2C-29D 


1 


Post aged after welding. 


3,860 


B2C-30D 


1 


II It tf n 


3,620 


3 


2B3C-7D 


2 


Post aged before welding. 


2.960 


4 


2B2C-1D 


2 


Post aged after welding 


3,120 




2B2C-9D 


2 


It M M II 


3,450 


6 


2B1C-16D 


2 


As-received. 


2,680 




2B1C-15D 


2 


II r. 


3,320 



•possibly sliently low due to one poor spot. 

TABLE 10.- FATIGUE TEST RESULTS FOR LAP-JOINT SAMPLES POST -AGED 
AFTER WELDING 

(Samples 5"x 0.040'*, spotwelds spaced 3/4'' apart) 



Sample 
Number 


Maximum Load 
Total Lb Lb /In. 


Lb /Spot 


Cycles to 
Failure 


Remarks 


Ratio 0.25 










B2C2D 


2,000 


400 


333 


6,500 


Pulled buttons. 


B2CflD 


1,80C 


360 


300 


19,100 


Fatigue crack. 


B2C1D 


1,50C 


300 


250 


58,900 


II 11 


B2C3D 


1,200 


240 


200 


151,400 


It ft 


B2C4D 


875 


175 


146 


525,000 


II ft 


B2C5D 


750 


150 


125 


1,829,500 


11 (t II 


B2C8D 


700 


140 


116 


4,000,000 


II 11 


B2C7D 


675 


136 


112 


>9, 421, 400 


Did not fail. 


Reload 


1,500 


300 


250 


49,800 


UN H 



RatioO. 50 



B2C19D 


2,250 


450 


375 


10,000 


Pulled buttons. 


B2C16D 


2,000 


400 


335 


39,300 


Fatigue crack. 
It It 


B2C14D 


1,800 


• 360 


300 


39,800 


B2C11D 


1,500 


300 


250 


114.300 


It II 


B2C12D 


1,200 


240 


200 


340,800 


H II 


B2C13D 


1,000 


200 


166 


715.600 


11 It 


B2C17D 


900 


180 


150 


2,166,900 


II It 


B2Cld'D 


825 


165 


138 


3,882,000 


n T 



RatioO. 75 



B2C24D 


2,700 


540 


450 


21,800 


Pulled buttons. 


B2C21D 


2,500 


500 


416 


113,900 


n ti 


B2C18D 


2,050 


410 


343 


268,000 


Fatigue cracks. 
It It 


B2C22D 


1,750 


350 


293 


793,800 


B2C23D 


1,500 


300 


250 


3,856,600 


It II 


B2C25D 


1,450 


290 


242 


10,031,500 




Reload 


2,500 


500 


416 


54,300 


Pulled buttons and 



fatigue crack. 



TABLE 11.- FATIGUE TEST RESULTS FOR LAP JOINT SAMPLES AS 
RBCEIVJSD (Samplea 6" x 0,040", spots 3/4" apart) 



Sample Maximum Load 

Number Total Lb Lb /in. Lb /Spot Cycles to Failure Remarks 



Rat 100.25 










BIC 5D 


2000 


400 


333 


5,500 


Pulled buttons 


BIG 19D 


1800 


360 


300 


15,700 


If 


BIC 4D 


1650 


330 


c / s 


31 ,000 


m 


BIC 8D 


1450 


290 


243 


119 ,000 




BIC 7D 


1300 


260 


216 


3h4.9on 


«t 


BIC ID 


1200 


240 


200 


tjKj 9 1 « \J\J 


It 


BIC 2D 


950 


190 


158 


1 .449 .flOO 


m 


BIC 3D 


875 


175 


146 


1 .712.600 

X t t X^ f \J\J\J 


m 


BIC 6D 


750 


150 


125 


4. 130. 600 

Tt 1 XwV ♦ \J\J\J 


ft 


RatioO.50 










BIC 13D 


2300 


460 


383 


13 .000 

Xs^ f \J\J\J 


Pulled buttoQS 


BIC 15D 


2000 


400 


333 


24,400 


Fatigue crae^cs 


BIG 18D 


1650 


370 


308 


78,800 




BIC 12D 


1750 


350 


292 


92,000 


H 


BIC IdD 


1550 


310 


258 


173,500 


M 


BIC IID 


1250 


250 


208 


525,400 


ft 


31C 14D 


1000 


200 


166 


1,625,000 


ft 


BIC 17D 


900 


180 


150 


2,794,100 


It 


BIC 28D 


850 


170 


142 


>7, 534, 200 


Did not fail 


BIC HOD 


800 


160 


133 


>9, 370, 600 




Reload 


1500 


300 


250 


242,900 


ft 


Ratio 0.75 










BIC 25D 


3000 


600 


500 


7,300 


Shear and pulled 












buttons 


BIC 23D 


2700 


540 


450 


71,600 


Pulled buttons 


BIC 22D 


2125 


425 


354 


282,700 


Fatigue cracks 


BIC 21D 


1750 


350 


292 


795,000 




BIC 24D 


1500 


300 


250 


1,334,300 




BIC 26D 


1300 


260 


217 


2,580,500 


It 


BIC 27D 


1200 


240 


200 


>9, 731, 800 




Reload 


2000 


400 


333 


234,800 


It 



w-63 



► 



TABLE 12.- FATIGUE TEST RESULTS FOR LAP JOINT SAMPLES PROM SHEET 
POST-AGED BEFORE WELDDJG 
(Samples 5'* x 0.040'*, spots 3/4** apart) 



Maximum Load 



Sample 

Number Total Lb Lb /in. Lb /Spot Cycles to Failure 



Remarks 



Ratioa25 














233C 3D 


2300 


460 


383 




7,500 


Pulled buttons 


2B3C 2D 


2000 


400 


333 




39,300 


Fatigue crack 


2B3C U) 


1500 


300 


250 




152,500 




2B3C 20D 


1300 


260 


217 




269,000 




O n'Z/V M TV 

2B3C 4D 


1200 


240 


200 




426 , 600 




2B3C 5D 


1000 


200 


167 




789,000 




2B3C 6D 


850 


170 


143 


1 


740,600 




2B3G 8D 


750 


150 


126 


3 


360,300 




233C 9D 


675 


135 


112 


>7 


533,000 


Did not fail 


RatioO, 50 














2B3C IID 


2500 


500 


417 




10,200 


Pulled buttons 














and shear 


2B3C 12D 


2100 


420 


350 




56,000 


Fatigue crack & 














pulled buttons 


2B3C 13D 


1800 


360 


300 




128,300 


ft 


233C 14D 


1500 


300 


250 




205,900 


,t 


2B3C 15D 


1250 


250 


208 




467,700 


It 


233C 16D 


1050 


210 


175 


1 


,014,400 


ft 


2B3C 17D 


925 


185 


154 


3 


,618,400 


If 


2B3C IQD 


850 


170 


142 


3 


,791,600 


If 


flat ioO.75 














2B3C 21D 


3000 


600 


500 




11,100 


Shear 


2B3C 26D 


2750 


550 


458 




91,300 


Pulled buttons 


2B3C 22D 


2500 


500 


417 




200,700 


Fatigue cracks 


2B3C 23D 


2200 


440 


367 




365,300 


ft 


2B3C 24D 


1800 


360 


300 




625,400 


ft 


2B3C 25D 


1500 


300 


250 


1 


,838,500 


ft 


2B3C 27D 


1350 


270 


225 


3 


,005,500 


N 


2B3C 19D 


1300 


260 


217 


2 


,889,100 


ft 
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TABLE 13.- FATIGUE TEST RESULTS FOR LAP JOINT SAMPLES 
(Samples 5" x 0.040", spots Z/^'* apart) 
AS RECEF/'ED 



Sample Maximum Load 

Number Total Lb Lb /Id. Lb /Spot Cycles to Failure Remarks 



Ratio 0.25 












2B1C IID 


2500 


500 


417 


lt900 


Shear 


2 BIG ID 


2000 


400 


333 


6,200 


Pulled buttons 


2B1C 2D 


1700 


340 


283 


20 , 600 


Pulled buttons 












& fatigue cracks 


2B1C 3D 


1400 


280 


233 


88,600 


Fatigue cracks 


2B1C 5D 


1150 


230 


192 


339,200 


•* 


2B1C 4D 


1000 


200 


167 


752,900 


•« 


2B1C 6D 


825 


165 


136 


1,341,800 


n 


2B1C 8D 


750 


150 


125 


>9, 520, 500 


Did not fail 


Re load 


1500 


300 


250 


111,100 


Fatigue crack 


2B1C 7D 


675 


135 


112 


>10,855,000 


Did not fail 


Reload 


1500 


300 


250 


85,700 


Fatigue crack 


Ratio 0.75 












2B1C 13D 


2300 


460 


383 


127,100 


Pulled buttons 


2B1C 9D 


2000 


400 


333 


411,700 


Fatigue cracks 


2B1C lOD 


1500 


300 


250 


1,554,500 


ft 


2B1C 12D 


1400 


280 


233 


2,710,400 


ft 



TABI£ 14.- AVERAGE DIMENSIONS AND STATIC SHEAR STRENGTHS OF ROLLER SPOWELDS 



Watorial 



Specimen Spacing Gags 



F1C29C 
F1C30C 

F1C29D 
F1C30D 

F1C29E 
F1C30B 



Static Breaking Load 
Lb /sample Lb »^/Spot 



Weld Diameter Per Cent of 

(Inches ) Penetration Remarks 



3/8" 



3/4" 



1-1/4" 



0.040"-0.040" 



6,580 
6,140 

3,380 
3,200 

2,280 
2,280 



470 
440 

565 
535 

570 
b70 



0.199*. 010^^^ bO^bfo 
0. 220*. 010^ 50*12^ 

0, 180*. 004^^) 50*5^ 

0, 230*. 004(2) iSZ*f>% 

0.130*. 0 501 U) 37*6^ 

C.230*. 015^2) 40*6^ 



Broke alongside spots. 



Sheared . 



( ^ )perp6ndicu lur to weld line. 
(2)parallel to weld line. 



TABLE 15.- FATIGUE TEST RESULTS FOR LAP JOINT ROLL-WELDED SAMPLES 
(Samples 5" x 0.040*1 welds 3/4** apart) 



Sample Maximum Load 

Number Ibtal Lb Lb /In. Lb /Weld Cycles to rallure Remarks 



Ratio 0.25 












FlC ED 


1750 


350 


292 


4»900 


Pulled buttons 


FlC 22D 


1550 


3l0 


258 


17 » 600 




FlC 5D 


1500 


300 


250 


19»400 




FlC ID 


1250 


250 


208 


55 » 800 


Fatigue crack 


FlC 3D 


1000 


200 


166 


109 f 500 




FiC 27D 


950 


190 


156 


166»100 




FlC 4D 


750 


150 


125 


509 t 100 




FlC 60 


650 


130 


108 


802,000 




FlC 7D 


600 


120 


100 


1,310,700 


ft 


FlC 8D 


500 


100 


83 


1,549,100 


ft 


FlC lOD 


475 


95 


79 


3 f 405,300 




FlC 9D 


420 


84 


70 


3,059,900 




FlC 280 


400 


80 


67 


5 » 586 , 800 




Ratio 0.5O 


• 










FlC 14D 


2050 


410 


342 


9 ,300 


Puiled Duttous 


FlC 13D 


1800 


360 


300 


30,100 




FlC 11 D 


1500 


300 


250 


70,100 


Fatigue crack 


FlC 120 


1250 


250 


208 


312,300 




FlC 15D 


1150 


230 


193 


411,200 


M 


FlC 16D 


1000 


200 


166 


606,400 


m 


FlC 17D 


850 


170 


141 


724,500 


«f 


FlC 18D 


750 


150 


125 


1,139,300 


ff 


FlC 19D 


650 


130 


108 


2,242,100 


If 


FlC 2QD 


600 


120 


100 


5,751,800 


ff 


Ratio 0.75 












FlC 26D 


2375 


475 


396 


67,400 


Shear and 












pulled buttons 


FlC 21D 


2000 


400 


333 


181,400 


Pulled buttons 


FlC 23D 


1550 


310 


258 


593,800 


n 


FlC 24D 


1375 


275 


230 


860,500 


Fatigue cracks 


FlC 25D 


1125 


225 


187 


2.542,000 


«t 


FlC 32D 


1075 


215 


179 


3,220.900 


f« 


FlC 33D 


1000 


200 


166 


>11,136,900 


Did not fail 


Reload 


1750 


350 


292 


216,800 


• 



TABLS 16.- FATIGUE TEST RESULTS FOR LAP JOINT ROLL-KELDED SAMPLES 
(Samples 5'' x 0.040*, welds 3/8" apart) 



9" 



Maximum Load 



Sample Number* Tbtal Lb Lb /In. Lb /Wald' Cycles to Failure 



Ratio Q25 










FlC IOC 


(14) 


2750 






1 9 9AA 
ic , ^UVJ 


FlC 9C (13) 




OvAJ 


1 Qf> 




FlC 6C (14) 








'=^Q *sAA 


FlC 28C 


(14) 


1 ' OU 


oou 


1 9^ 
xCD 


99 AAA 


FlC 4C 


13) 


XO fO 


275 


^ A•^ 


'^91 9AA 


FlC 2C 


(13) 




9A/\ 


Q9 


%n9 9AA 


FlC IC 


(13) 


1000 


cUU 


77 


ACQ »nAA 
%0 7 , DUU 


FlC 70 


(14) 


900 






755 , 100 


FlC 3C 


(13) 


850 


170 


oo 


1 OA A 

i ,oo / , you 


FlC 36C (14) 


800 


loo 


0 f 


1 CAA 9AA 
1 , D04 , cUU 


FlC 8C 


(13) 


'DO 


IDU 


DO 


"^1 A 9A'7 AAA 


Reload 




2000 


400 


ID* 


A'J ^ AA 

4 ^ , 100 


FlC 5C 


(14) 


650 


130 


46 


>9, 173, 100 


Reload 




1800 


360 


129 


75,900 


RfttioO.50 










FlC 19C 


(12) 


3000 


600 


cOU 


58,700 


FlC 13C 


(14) 


CO /O 


DOS 


1 91 


78 , 400 


FlC 17C 


(12) 


2200 


440 


lOO 


151 f 000 


FlC lie 


(14) 




AAA 


x%o 


1 9 A AAA 
X r % 1 OUU 


FlC 33C 


(14) 


loou 


370 


142 


119 1 1 A 
XX ' 9 xxu 


FlC 18C 


(12) 


1700 


340 


141 


450,300 


FlC 12C 


(14) 


1500 


300 


107 


557,200 


FlC 14C 


(14) 


1250 


250 


89 


2,659,700 


FlC 15C 


(12) 


1150 


230 


96 


1,327,600 


FlC 20C 


(12) 


1000 


200 


83 


970,000 


FlC 35C 


(14) 


950 


190 


68 


>10,516,600 


Reload 




2000 


400 


143 


179.300 


FlC 16C 


(12) 


900 


180 


75 


>9, 008, 000 


Reload 




2000 


400 


166 


293,800 


Ratio 0.75 










FlC 32C 


(14) 


4000 


800 


286 


74,600 


FlC 34C (14) 


3500 


700 


250 


543,300 


FlC 22C 


(14) 


3000 


600 


214 


559,900 


FlC 21C (14) 


2500 


500 


178 


973,800 


FlC 23C (14) 


2200 


440 


157 


1,473,700 


FlC 24C (14) 


1900 


380 


136 


1,102,100 


FlC 25C 


(14) 


1750 


350 


125 


2,103.300 



O 



♦The number in parentheses gives the total number of welds for each 
sample. Variations are due to varied distances of outer welds from 
edges rather than to varied weld spacings. 

»-• 

CO 



30 



NACA ARR No. 4E30 



TABLE 17.- FATICSUE TEST RESULTS FOR LAP JOINT ROLL-VELDED SAMPLES 
(Samples 5" i 0.040", welds 1^" apart) 



Maximum Load 



Cycles to 



Number 


Total Lb 






Failure 


Remarks 


Ratio 0.25 














FlC 5E 


1300 


£60 


325 


8, 


700 


Pulled buttons 


FlC IE 


1200 


240 


300 


13, 


500 


tt 


FlC 4E 


1100 


220 


275 


20, 


000 


•* 


FlC 2E 


875 


175 


219 


154, 


000 


Fatigue cracks k 














pulled button 


FlC 3E 


625 


125 


156 


892 


200 


« 


FlC 6E 


500 


100 


125 


3,573 


600 


ft 


Ratio 0.50 














FlC 15E 


1500 


300 


375 


12 


800 


Pulled buttons 


FlC llE 


1250 


250 


313 


43 


400 


Shear & pulled buttons 


FlC 12E 


1000 


200 


250 


239 


200 


Fatigue crack 


FlC 13E 


825 


165 


205 


463 


200 


« " and 














pulled buttons 


FlC 16E 


650 


130 


163 


2,731 


000 




FIG 14E 


600 


120 


150 


9,230 


300 




Reload 


2000 


400 


500 




300 


Shear 


Ratio 0.75 














FlC 25E 


2000 


400 


500 


37 


900 


Pulled buttons & shear 


FlC 24E 


1750 


350 


438 


86 


r300 




FlC 22E 


1500 


300 


375 


260 


500 


Fatigue crack and 














puUed button 


FlC 21E 


1250 


250 


313 


647 


,700 


n 


FlC 23E 


1000 


200 


250 


1,156 


,400 




FlC 26E 


850 


170 


213 


7,182 


,500 





TABLE 18.-?/ELD DIMENSIONS, STATIC SHEAR STRENGTH, AND SliEET STRENGTH OF SPOTWELDED SAMPIES 



Sample Description Static Breaking Weld Diameter Percentage Strength of Sheet Metal 

Designation Spacing Gage Load, Lb /Spot Un ) Spot Pene- Yield Ultimate % Elong. Remarks 

tration p.s.i. p.s.i. in 2" 



Set 2 



3/4" 0.040" 635*40 



0.190-0.210 45-50 



47,300 66,000 19 



Sound, well 
dropped , little 
indentation. 



Set 3 



" 500*40 



0. 170-0. IbO 38-45 



43,950 65,350 18 



Sound, ends of 
weld tti per, some 
indentation. 



Set 6 



595*5 



0.215 35-50 



52,500 67,000 17 



Sound ,v»ell 
centered <x shap- 
ed indentation. 



Set 1 



479*10 



0.180-0.190 75-80 



48,800 64,300 19 



Heavy trans- 
verse crack- 
ing, some in- 
dentation. 



Set 4 



615*1 



0.2^0-0.240 60-70 



51,300 64,750 16 



Yiolds off 
center , peanut 
shaped. 



Set 5 



520*7 



0.170-0.180 



54,700 68,600 19 



Sound, some in- 
dentation, well 
shaped( even) • 
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APPENDIX I 



ADDITIONAL TEST RESULTS ON SPOT-WELDED LAP JOINT SAMPLES 



Tallies 19 and 20 show load-life data for two sets of 
lap— joint samples spot— welded under different conditions 
(i.e., "by a different operator and on a different machine) 
than any reported previously on this project* One set of 
these (that of 0.040-in, sheet) is included in the discus- 
sion in part V of this report. The other set of data has 
not "been discussed^ tut, upon comparison with data for 
other samples of 0.032-inch sheet, shows signs of the same 
variation in fatigue strength as evidenced in the thicker 
gage sheet samples. 

Figures 24 and 25 show phot omaor ographs of typical 
welds for samples listed in tables 19 and 20. These welds 
show no unusual feature. 
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TABLE 19.- FATIGUE TEST FOR LAP JOINT SAMPLES 5" , 0.040" - 0.040^ 
6 SPOT ',«ELDS, SA" SPACED. MADE BY COMPANY C 



Sample Maximum Load Cycles to 



Number 


Total Lb 


Lb /In. 


Lb /Spot 


Failure 


Remarks 


Ratio 0.25 
BIK 9D 


2000 


400 


333 


8,200 


Pulled buttons 


Bl8 3D 


1800 


360 


300 


15,500 


Fatigue crack 


C 

Blp ID 


1500 


300 


250 


38,700 


«f 


c 

Bi c2D 


1200 


240 


200 


122,100 


ft 


c 

Bin 4D 


1000 


200 


166 


329,500 


If 


0 

Blp 5D 


850 


170 


142 


705,000 


fi 


Blp 6D 


750 


150 


125 


1,125,300 


ff 




650 


130 


108 


1,044,100 


It 


BIq lOD 


600 


120 


100 


l,83r',70C 




BIq 8D 


550 


110 


92 


9,028,200 


Did not fail 


C 

Bl^ 19D 


500 


100 


83 


9,198,200 


ft 


Reload 


2000 


400 


333 


18,000 


Shear 


Ratio 0. 60 












Bl^ IID 

C 

BlC 18D 

c 


2000 
1700 


400 
340 


333 
283 


14,400 
76,500 


She so* & pulled 
button . 
Fatigue crack 


BlC 12D 
C 


1500 


300 


250 


141,000 


It 


BlC 13D 
C 


1200 


2<I0 


200 


284,800 


ft 


Bl^ 14D 
C 


1000 


200 


166 


621,500 


ft 


Bl^ 15D 
C 


850 


170 


143 


1,013,900 


ft 


Bl^ 16D 
C 


750 


150 


125 


li 044, 600 


ft 


31^ 17D 
C 


625 


125 


104 


4,338,000 


ft 


Ratio 0.75 
BIC 25D 

n 
U 


2375 


475 


396 


72,900 


Pulled buttons 


Bl^ 22D 
C 


2000 


400 


333 


178,200 


Fatigue crack 


BlC 24D 
C 


1750 


350 


292 


435,400 


If 


Bl^ 21D 
C 


1500 


300 


250 


1,011,800 


tf 


BlC 23D 
C 


1250 


250 


208 


2,764,600 


tt 


Bl^ 27D 
C 


1200 


240 


200 


3,535,400 


H 


Bl^ 26D 
C 


1175 


235 


196 


4,050,200 


ri 
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TABLE 20.- FATIGUE TEST FOR LAP JOINT SAMPLES 5", 
.032" - .032" 6 SPOT WELDS, 3/4" SPACED 
MADE BY COMPANY C 



Sample Maximum Load Cycles to 

Number Total L"b L'b /In» lib /Spot Failure Remarka 



Rat 10 0.25 














B^B ID 


1500 


300 


250 


2,500 


Shear 




bJb 5D 


1250 


250 


208 


6,600 


It 




bJb 2D 


1000 


200 


167 


45,000 


Fatigue 


cracks 


B^B 4D 


800 


150 


133 


220 , 500 


fi 




bJb 3D 


675 


135 


112 


1,095,500 


m 




bJb 6D 


550 


110 


92 


1,204,800 


N 




bJb lOD 


500 


100 


83 


1,546,000 


•f 




Ratio 0.75 














B^B 12D 
C 


1500 


300 


250 


123,800 


Fatigue 


cracks 


B^B IID 
C 


1250 


250 


208 


361,200 


tf 




B^B 7D 
C 


1000 


200 


167 


1,103,500 


It 




bIb bd 

G 


850 


170 


142 


2,107,800 


w 




B^-B 9D 
C 


750 


150 


125 


10,843,200 


Did not 


fail 


Reload 


1250 


250 


208 


302,900 


Fatigue 


crack 
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APPENDIX II 



lEIHODS OP OBTAIUma AlTD PLOTTING TEST RESULTS 



Intro duction 



In previous reports, fatigue data have "been presented 
in terns of maximum load— life curves at constant ratios of 
minimum load to maximum load. While families of curves of 
this kind can present all the information that can he ob- 
tained fror. direct stress fatigue tests, it is worth while 
periodically to reopen the question as to whether the data 
are "being presented in the m.ost usahle form* There are 
two viex^points to he considered: 



(1) 'The viewpoint of the fatigue laboratory where 

the interest is in getting a maximum amount 
of information ahout a material from a given 
number of test pieces 

(2) The viei/point of the designer who wishes to have 

the data in the form most convenient for use 



That method of plotting V'hich satisfies the first 
viewpoint may not n e c e s s a rily satisfy the second. However 
if a sufficiently complete pattern of data is obtained 
from one viewpoint, it can always be presented in terras of 
the second. 



Pigure 26 shows a sinusoidal loading curve for 
t ens i on— t ens i on fatigue testing. Two quantities must be 
specified to determine completely the loading condition, 
and three quantities are necessary to represent the load 
life. Because of the practical difficulties of represen- 
tation of thr ee— dimens i onal surfaces, it is convenient to 
use families of tv/o— dimens i onal curves. Such curves may 
"be considered to represent contours of the three- 
dimensional surface . 



The two quantities necessary for specifying the 
loading condition can be selected in a large number of 
ways. The obvious quantities expressible in stress units 
are the follov/ing: 
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minimum stress 
mean stress 
maximum stress 

amplitude of alternating stress 

iliese 4 variables allov/ for consideration 12 t^pes 
of loa.d— life curves: (l) 3 types of constant ^min curves 

(v/ith Sv^iQan' ^max' ^alt plotted against the numoer 

of c:.'cles to failure); (3) 3 of constant S^^^^^^; (S) 3 of 
consto-nt ^max' ^^""^ *^ constant ^alt* 

Other load-life curves may "be drawn iDy holding the 

ratio 

^max 

or the ratio 

S^ean " 1 + 

constant a.nd plotting an^?- one of the four load values 
listed a.T30ve against lifetime. 

The fatigue tests made at Battelle Memorial Institute 
on monolilock samples of 24S— T alclad aluminum cover the 
t ens i on— t ons i on load range and a lifetime range from 10 
to IC'^ cycles fairly completely, Che load-life curves 
also show satisfactorily small scatter, C ons eq,uent ly , 
these data furnish excellent illustrations of the general 
appca.rancos of the several possihle types of load— life 
diagrams • 

In zhe follov/ing section, there are shown 13 types 
of load— life diagrams drawn from the data on aluminum 
sheet samples. It is not "believed that all these dia- 
grams will "be of common use. 

As v/ill "be "brought out later, it seems prohaole 
that, from the standpoint of the fatigue test laboratory, 
the most useful method of obtaining data on aluminum 



^min 



^mean 



^max 



^alt 
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alloys appears to "oe the one of oTDtaining S— IT curves at 
conste.nt mean load; however, the advantages are not yet 
v/ell enou^^h established to \\rarrant a change in method of 
taking data. The other types of curves illustrated in 
figures 2? to 39 have "been drawn with the idea that an 
aircraft designer might find one method of presentation 
more useful than another. It is hoped that there will "be 
comments from the aircraft companies that v/ill aid in 
settling on the most useful method of presenting data. 

Load— Life Diagrams 

Figures 27 through 39 show various load-life diagrams 
Host of the data were ta]ien at constant load ratio, and 
all CI these curves (fig. 2) except those for E = 0.35 
and H = 0,55 were completely determined hy direct exper- 
iment. The curves in the other figures were computed from 
the constant R curves. In a few instances, the assumj)- 
tion that the desired curves would have "been easily ob- 
tained experimentally was checked by loading samples 
appropriately and obtaining the predicted lifetimes. 

It should be noted that all diagrams are plotted on 
a log— log scale and all stress values are in units of 
1000 psi. In general, certain limiting values appear on 
each dia.gram ov/ing either to the fact that the maximum 
load is limited by the static ultimate or the fa.ct 

that the minimum load is limited (for these tension- 
tension tests) to a value just greater than zero. Such 
limitations are noted upon the individual graphs. 

It might be noted that, of these load-life diagrams, 
figure 36 (curves at constant mean load) is perhaps most 
directly comparable to the diagrams commonly shown for 
reversed stress tests. 



Constant Life Diagrams 

It also is possible to represent the results by plot- 
ting various pairs of the variables against each other for 
a constant lifetime. Figures 40 through 46 show such dia- 
grams. These representations have two valuable features: 
(l) They contribute to an understanding of the behavior of 
materials, and (2) they furnish useful means of interpola- 
tion betv/een experimentally obtained curves. In each fig- 
ure, the limiting values for t ens i on— t ens i on tests are 
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indicated. Of these constant life diagrams, figure 45 
(ampl iti-idc of alternating load against mean load) is a 
type of representation \\rhich often has "been used. 

Concluding Hcmarks 

The most important criterion in choosing a method of 
plotting; the test results is the use to he made of these 
results. It has already "been suggested, however, that 
the sane criterion does not necessarily apply to choosing 
the method of taking the data. It is quite possible to 
use one sot of working curves in taking the data and to 
compute from these the desired set of curves for applica- 
tion of the results to practice. A reasonable criterion 
for choosing the working curves is to select those curves 
which, hccauso of simplicity and uniformity of shape, 
afford the simplest interpolation between observed test 
point s • 

This may be illustrated by considering a specific 
example. Suppose that it is desired to obtain the com- 
plete fa-uily of constant ratio curves (such as fig, 2?). 
It is OLiite possible to take a set of constant mean load 
curves (fig. 36) and to compute from these the constant 
ratio curves, and this procedure offers some advantages. 
Individual constant mean load curves are somewhat simpler 
in shape than individual constant ratio curves (particu- 
larly for short lifetimes), and thus it may be possible 
to deteruine a single constant mean load curve with fewer 
samples t Also, the constant mean load curves preserve 
more neC',rly the same shape throughout the family; this 
allows determination of the complete family from fewer 
curves than in the case of the constant ratio method. 
The rcl:^^tive simplicity of interpolation is also illus- 
trated by a comparison of the constant life diagrams in 
figures 40 and 45. It appears that the constant mean 
load method might prove economical of test specimens and 
testi'iio tim.e for the purpose of covering the field of 
t ens i on— t ens i on 1 oading . 

It should bo pointed out, however, that this choice 
of a method of obtaining data cannot be made in the 
absence of any knowledge of the behavior of the material. 
In another material , it might well be that the curve 
shapes for constant ratio would bo the most simple. 
Turthernore, the present argument has been based on the 
assui.iption that it is desired to obtain enough information 
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to plot an entire family of curves. If only enough sam;olc 
are availal:)lo to o^btain a single curve, it is quite prolDa- 
tie that some other type of curve would Ido the most inform 
at ive * 
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Figure !• Photograph of a Typical (failed) Test Piece Used in Fatigue Tests. 

(0.040" Alclad 24S-T Sheet) 
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FIG ZrSTATIC STRESS- STRAIN CURVE FORALCLAD 24 S'T SHEET I.CX)0"X 0.40' 
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-L^"^ s^-' > c^'' ■ :rv^ 
^:-^s--- - if* • - ♦ 'A^ 



Keller's Etch 24432 

500X 

(a) 



Microstructure of 24S-T Alclad. 




Keller's Etch 24433 

500X 



(b) 

Microstructure of 24S-T Alclad after 
10 hours at 370°F. 

Figure 3. 

Jfctallographic Structure of Monoblock Fatigue Specimens. 
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Figs. 4,5 




10^ 10' 
CYCLES TO FAILURE 

FIG. 4.- FATIGUE CURVES FOR ALUMINUM MONOBLOCK SAMPLES AS RECEIVED. 



(0 
Q. 



in 

X 




30,000 



10' 



— SHEET AS RECEIVED 

— — . SHEET AFTER POST-AGING ( BY HEATING ALONE) 

# SHEET AFTER POST-AGING ( BY STRETCHING 4V, 

AND THEN HEATING) 



10* 



10=' 



10" 



CYCLES TO FAILURE 



10' 



FIG. 5.- FATIGUE CURVES FOR 0.040" ALCLAD 24S-T AS RECEIVED AND AFTER 
POST-AGING AT 375° F FOR 10 HPS. 
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Fig. 7 




Keller's Etch 24434 

lOX 

(a) 

As received. 




Keller's Etch 24435 

lOX 

(b) 



Fatigued, 



Figure 7. 



Spotwelds From Stressed Attachments (0.040" - 0.040" Sheet). 
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Figs. 8,9 



-67,000 STATIC (I) 



60,000 
50,000 

40,000 

_ 30,000 
ifi 

CL 

% 

P 20,000 
(/) 

X 

< 
2 



'58,350 
56,700 
52,300 
\^2,000 
51,700 



STATIC (2) 
STATIC (3) 
YIELD (3) 
YIELD (2) 
YIELD (I) 




SHEET (I) 

UNSTRESSED ATTACHMENTS (2) 
STRESSED ATTACHMENTS (3) 



10* 



10' I0» 
CYCLES TO FAILURE 



10- 



FIG. 8 -FATIGUE CURVES FOR SAMPLES OF 0.040" ALCLAD 24S-T WITH 
STRESSED AND UNSTRESSED ATTACHMENTS. 



CL 

(/) 
(0 
UJ 



X 

< 
2 



60,000 
50,000 

40,000 
30,000 

20,000 



10 



10 



♦ 63,400 STATIC PO 


ST- AGED 




R = MIN LO/ 


1 

XD / MAX LOAD 


^56,700 STATIC AS RECEIVED 

;;55,I00 YIELD POST -AGED ■ 














R=.50^^ 
^^^^ 


R= .60 


















R--.25 




POSl 


'AGED 
ECEIVED 









10 

CYCLES TO FAILURE 



10" 



lO'' 



10 



FIG. 9r FATIGUE CURVES FOR SHEET EFFICIENCY SAMPLES 0.040" AS 
RECEIVED AND POST -AGED. 
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Fig. 10 




Keller's Etch 24437 

lOX 

(b) 
Fatigued. 



Figure 10. 

BIC Type Spotwelds (0.040" - 0.040" Sheet). 
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Fig. 11 





Keller's Etch 24439 

lOX 

(b) 
Fatigued. 
Figure 11. 

B2C Type Spotwelds Heat Treated at 370°F After Welding ( 0.040'' -0.040" Sheet) , 





Keller '6 Etch 24441 

lOX 

(b) 
Fatigued. 

Figure 12, 

2B1C Type Spotwelds (0.040" - 0.040»^ Sheet), 
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Fig. 13 




Keller's Etch 24443 

lOX 

(b) 
Fatigued. 



Figure 13, 

2B3C Type Spotv/elds, Sheet Heat Treated at 370°F 
Before* Welding (0.040" - 0.040" Sheet). 



NAOA ARR No. 4£30 



rigs. 14,15 



300 



200 



^623 STATIC POST -AGED 

STATIC AS RECEIVED 














R = MIN LOAD / M 


AX LOAD 








^^R = .75 








^^"•^^-.wW^ =.50 















^ -X: 






^ POST -AGED / 

AS RECEIVED 


XFTER WELDING 


R = .25 ^ ^ ^ 
X. 





lo' lo' 10* 10* 10* 10^ 



CYCLES TO FAILURE 

FIG. 14.- FATIGUE CURVES FOR LAP JOINT SAMPLES SPACED AS RECEIVED 

AND POST-AGED AFTER WELDING. (SAMPLES 5" X 0.040", SPOTS 3/4" 

APART. ) 




FIG. 15.- FATIGUE CURVES FOR LAP JOINT SAMPLES AS RECEIVED AND POST- 
AGED BEFORE WELDING (SAMPLES 5" X 0.040" SPOTS 3/4" APART.) 
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z 
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O 



X 

< 

2 



500 



.533 STATIC AS RECEIVED 
"548 STATIC POST- AGED AFTER WELDIIiG 



-500 STATIC POST-AGED BEFORE 
WELDING 



400 



300 



200 




M 



- • AS RECEIVED 

— — — POST -AGED AFTER WELDING 

— .X_. POST-AGED BEFORE WELDING 



10' 



10^ 



10^ lo' 
CYCLES TO FAILURE 



10*' 



FIG. 16 -FATIGUE CURVES FOR LAP JOINT SAMPLES AS RECEIVED, POST- AGED 
BEFORE WELDING, AND POST -AGED AFTER WELDING (SAMPLES 5'' X 0.040'\ 

SPOTS 3/4" APART). 
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24444 




Sectioned transverse to 
rolling. 




Keller's Etch lOX. 
(a) 

As received. 




Sectioned in direction 
of testing — transverse 
to rolling. 



Keller^s Etch 



(b) 

Fatigued. 



24444 
lOX 



Figure 17. 
Roller Spotwelds, I-I/4" Spacing. 



NAOA ARE No. 4E30 



Fig. 18 




Transverse to 
rolling. 



Longitudinal to 
rolling. 



Keller's Etch 24446 

lOX 

(a) 

As received. 




Keller's Etch 24447 

lOX 

(b) 
Fatigued. 



Figure 18. 
Roller Spotwelds, 3/4** Spacing. 
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Fig. 19 




Figure 19. 
Roller Spotwelds, 3/8" Spacing. 
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Figs. ao,ai 
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10' 10' 
CYCLES TO FAILURE 



FIG. 20.- FATIGUE CURVES FOR ROLL- WELDED AND SPOT -WELDED SAMPLES. 
(SAMPLES 5" X 0.040" WELDS 3/8" APART.) 
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CYCLES TO FAILURE 



FIG 21.- FATIGUE CgpVES FOR ROLL -WELDED AND SPOT" WELDED SAMPLES. (SAMPLES 5" 
X 0040". WELDS -f APART) 
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Figs. 22, 
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10- 10* 
CYCLES TO FAILURE 
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FIG. 22.- FATIGUE CURVES FOR ROLL- WELDED AND SPOT -WELDED SAMPLES. 
(SAMPLES b" X 0.040-, SPOTS 1-1/4" APART.) 
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FIG. 23.- FATIGUE CURVES FOR LAP JOINT SAMPLES MADE WITH VARIOUS 
WELOiNG CONDITIONS FROM SHEET OF DIFFERENT HEATS (SAMPLES 5" 
X 0.040", 6 SPOT WELDS SPACED 3/4" APART.) 
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Keller's Etch 24451 

lOX 

(b) 
Fatigued. 



Figure 24, 

BlCC Type Spotwelds (0.040" - 0.040" Sheet). 
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Fig. 25 
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Keller's Etch 22453 

lOX 

(b) 
Fatigued. 



Figure 25. 

BIBC Type Spotwelds (0.032" - 0.032" Sheet). 
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I0« 10* 10* I0» 10* 10^ 

CYCLES TO FAILURE 
FIG. 27 -CONSTANT RATIO CURVES, MAXIMUM UDAD VS. LIFETIME. 
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Fige. 28,89 




lO' 104 105 io« 10 

CYCLE TO FAILURE 

FIG. 28. -CONSTANT MINIMUM LOAD CURVES, MAXIMUM LOAD VS. LIFETIME. 
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ID*' 
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K) 



CYCLES TO FAILURE 



FIG. 29.-C0NSTANT MINIMUM LOAD CURVES, MEAN LOAD VS. 

LIFETIME. 
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Figs. 30,31 



LIMITING VALUES 




10^ lO' 10^ lO' 10* 10^ 



CYCLES TO FAILURE 

4 

Frc. 30.-CONSTANT MINIMUM LOAD CURVES, ALTERNATING LOAD VS. LIFETIME. 
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Fige. 32,33 
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I 1 I \ 6o \ 

10' 103 10* 10* I0< 10^ 

FIG.32.CONSTANT MAXIMUM LOAD CURVES, MEAN LOAD VS. LIFETIME 




•0* lo' 10* lo' 10* !</ 



CYCLES TO FAILURE 

FIG. 33. -CONSTANT MAXIMUM LOAD CURVES, ALTERNATING LOAD VS. 

UFETIME 
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Figs. 34,35 




10* 10^ 10* fo' 10^ 

CYCLES TO FAILURE 

FIG. 34 - CONSTANT MEAN LOAD CURVES, MINIMUM LOAD VS. LIFETIME. 
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Figs. 36,37 



C DENOTES LIMITS DUE TO SAMPLE 
GOING INTO COMPRESSION AT MINIMUM 

Sy DENOTES LIMITS DUE TO SAMPLE 




10* 10^ 10* 10* 10* K)^ 



CYCLES TO FAILURE 

FIG. 36.-C0NSTANT MEAN LOAD CURVES, ALTERNATING LOAD VS. LIFETIME. 
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10^ 10* 10* 10* 10* 10^ 



CYCLES TO FAILURE 

FIG. 37.- CONSTANT ALTERNATING LOAD CURVES, MINIMUM LOAD 

VS LIFETIME. 
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Figs. 38,39 
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FIG.38.-CONSTANT ALTERNATING LOAD CURVES, MAXIMUM LOAD VS. LIFETIME 
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Figs. 40,41 
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Flg3. 42,43 
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